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GENERAL INTRODUCTION 
Farming methods in recent years have changed to help 
combat one of the major problems in . the Midwest--soil erosion. 
Erosion levels can be decreased if field surfaces are covered 
with residue from previous crops (Triplett and Van Doren 1977, 
Sloneker and Moldenhauer 1977). Previously residue, was 
buried before planting by using moldboard plows, but now it 
can be left on the field with various forms of conservation 
tillage or no-tillage. Farmers are discovering that reducing 
tillage passes over fields not only conserves soil but also 
can be economical; reducing fuel, labor, and equipment costs 
(Triplett and Van Doren 1977). My study was designed to 
investigate a third possible benefit for leaving crop residue 
on fields, that of providing habitat for wildlife. 
Crop residue on fields could offer nesting sites for 
birds. Avian nesting in small-grain residue (Higgins 1975, 
Cowan 1982, Rodgers 1983) and bird occurrence in no-tillage 
row crop fields have been reported (Castrale 1983, Warburton 
1983), but to my knowledge, nesting within no-tillage row crop 
fields has not been documented . One objective of my study was 
to document bird nest densities, nesting success, and 
nest-site selection in no-tillage and tilled cornfields and 
soybean fields. 
Crop residue also could provide a favorable feeding 
habitat for ring-necked pheasant (Phasianus colchicus) chicks. 
Arthropods, an important food source for pheasant broods, are 
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harbored in crop residue on no-tillage fields (Gregory and 
Musick 1976, House and Stinner 1983), but there is no 
literature on pheasants feeding in no-tillage systems. A 
second objective of my study was to document arthropod 
a v ailability on no-tillage and tilled crop fields during a 
portion of the pheasant brood-rearing period and to compare 
these results with published data on food preferences of 
pheasant chicks. 
This thesis consists of two papers that will be submitted 
to scientific journals for publication. I will be the first 
author on both publications. Section I describes a v ian 
nesting on no-tillage and tilled cropland. Section II is a 
comparison of arthropods captured on no-tillage and tilled 
cropland and discusses their potential as food for ring-necked 
pheasant chicks. 
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SECTION 1: BIRD NESTING ECOLOGY IN NO-TILLAGE 
AND TILLED CROPLAND 
4 
ABSTRACT 
The nesting ecology of upland birds was studied in 355 ha 
of no-tillage and 129 ha of tilled cropland. No-tillage 
treatments included corn planted into corn residue, corn 
planted into sod residue, and soybeans planted into corn 
residue. A fourth treatment , used for comparison , was corn 
planted into tilled cropland . No-tillage farming leav es more 
residue on the field surface, providing nesting sites for 
ground nesting birds. Twelve species (excluding brown-headed 
cowbirds), with an average nesting density of 36 nests/ 100 ha 
nested in no-tillage fields; only 3 species with an average 
density of 4 nests/ 100 ha nested in tilled fields. Nests in 
no-tillage fields were placed in crop residue that was shorter 
but of similar coverage to that in the no-tillage fields 
fields overall. Nests in tilled fields were positioned in 
areas wher~ crop residue was concentrated but of a similar 
height to that in fields . Twenty-two percent of the 
crop-field nests were successful, 54% were lost to predators , 
and less than 6% were destroyed by farming implements. 
Nesting success probably was below levels needed to maintain 
viable populations without influx from other areas. 
5 
INTRODUCTION 
The amount of land used for row-crop production in the 
Midwest has increased over the last several decades, often at 
the expense of wildlife habitat. From 1939 through 1972 , 30% 
of north- central Iowa's fencerows (prime wildlife habitat) 
were remov ed and the crop composition shifted from a 
predominance of small grains, hay, and pasture to continuous 
rowcrop (Mohlis 1974). In 1982, 66% of the farmland in 
Iowa was planted into corn and soybeans (Iowa Crop and 
Livestock Reporting Service 1983) . Similar land-use 
changes have occurred in other agricultural states (e.g. , 
Vance 1976, Taylor et al. 1978). As traditional wildlife 
cover is destroyed, birds in agricultural regions will , of 
necessity , become more dependent on cropland to prov ide habitat 
requisites . 
Among the land-use practices receiving increased 
acceptance by farmers are those that leave crop residue on the 
soil surface. This is being promoted to combat a major 
problem in several midwestern states- - soil erosion. Erosion 
levels on fields not covered with residue may be 100 fold 
greater than that on fields with residue (Triplett and Van 
Doren 1977). One system for leaving maximum amounts of 
residue on field surfaces is to plant seeds directly through 
crop residue without tilling the soil. Land in Iowa farmed 
using no-tillage methods has increased fivefold in 5 years; in 
l983, Iowa had 168 , 000 ha of no-tillage cropland (U . S. Soil 
Conser. Serv., Des Moines, IA, unpubl. data) . Crop residue 
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left on these areas may enhance the opportunity for grassland 
birds to nest in crop fields . 
Literature describing bird use of cornfields and s o ybean 
fields is limited, probably because low avian densities often 
eliminate crop fields from being included as study areas. The 
occurrence of birds in no-tillage cornfields and soybean 
fields in fa l l, wi nter and summer has b een documented by 
Castrale (1983, unpubl. data, Indiana Div . of Fish and Wildl . , 
Mitchell, Indiana) and Warburton (1983) . Using data from 
periodic bird counts, they concluded that bird densities -were 
greater in no-tillage fields than in tilled fields. Neither 
project documented nesting within fields, and Warburton's 
study lacked repl i cation of treatment fields. Nests of 
several bird species have been found in row crops (Table 1), 
but to my knowledge, nesting in no-tillage cornfields and 
soybean fields has not been reported. Furthermore, an 
intensive study of nest-site selection and nesting success in 
an avian community has yet to be completed for row crops in 
general. The objectives of my study were to document bird nest 
densities, nesting success, and nest-site selection in 
no-tillage and tilled cornfields and soybean fields . 
Table 1. Species found nesting in row crop fields 
Species 
Ring-necked pheasant 
(Phasianus colchicus) 
Killdeer 
(Charadrius vociferus) 
Mourning dove 
(Zenaidura macroura) 
Horned lark 
(Eremophila alpestris) 
American robin 
(Turdus migratorius) 
Bobolink 
(Dolichonvx oryzivorus) 
Western meadowlark 
(Sturnella neqlecta) 
Crop 
Corn 
Soybean 
Corn 
Soybean 
Corn 
Soybean 
Corn 
Soybean 
Corn 
Corn 
Corn 
Soybean 
Reference 
George 1952, Present Study 
Warnock and Joselyn 1964, Present Study 
George 1952, Present Study 
Present Study 
Nice 1922, Present Study 
Wooley et al. 1982, Present Study 
George 1952, Beason and Franks 1974 
Joyce Perritt, Dept. Animal Ecology, Ames, 
Iowa, pers. commun. 
Present Study 
Present Study 
Present Study 
Present Study 
Red-winged blackbird 
(Aeglaius phoeniceus) 
Brown-headed cowbirda 
(Molothrus ater) 
Dickcissel 
(Spiza americana ) 
Corn 
Corn 
Soybean 
Corn 
Soybean 
Savannah sparrow Corn 
(Passerculus sandwichensis) 
Grasshopper sparrow 
(Ammodramus savannarum) 
Ve sper sparrow 
(Pooe cetes gramineus) 
Field Sparrow 
(Spizella pusilla) 
Corn 
Corn 
Soybean 
Corn 
Soybean 
Present Study 
Joyce Perritt pers. commun., Present Study 
Joyce Perritt pers. commun., Present Study 
Present Study 
Wooley et al. 1982 
George 1952, Present Study 
George 1952, Present Study 
Geo rge 1952, Rodenhouse and Best 1983, 
Present Study 
Wooley et al. 1982, Rodenhouse and Best 
1983, Present Study 
George 1952 
Present Study 
aBrown-headed cowbird parasitism of nests. 
co 
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STUDY AREA AND METHODS 
Study fields were located on private farmland in Adair 
County, southwestern Iowa, on gentle to steep slopes (2-14%) 
with silty clay loam soils (Sherwood 1980). Adajr County's 
annual precipitation averages 84 cm ; 73% of this falls from 
May through August. Approximately 73% of the county is 
cropland (mainly corn and soybeans) , 18% pastureland, 3% 
woodland, and 3% farmstead (Sherwood 1980). During this 
study, 3% ( > 3000 ha) of the county's cropland was farmed 
using no-tillage methods (Marvin Lundstedt, U. S. Soil Conser. 
Serv., Greenfield, Iowa, pers. commun.). 
Three no-tillage treatments were studied from 1982 
through 1984: corn planted in corn residue (125 ha), corn 
planted in sod residue (117 ha), and soybeans p l anted in corn 
residue (113 ha). A fourth treatment, used for comparison, 
was corn planted in tilled fields (129 ha). Three replicate 
fields per treatment were selected each year, except in 1982 
when a sod field was eliminated from analysis because of crop 
failure. Fields were at least 10 ha in size, as square as 
possible, and had a minimum number of waterways and terraces. 
Strip cover associated with treatment fields (59 ha) also was 
studied and included waterways, terraces , fencerows, and 
roadside ditches. 
Crop fieids and associated strip cover were searched for 
nests twice each year from mid-May through July. Nest 
searchers (3-7) walked abreast searching each crop row (about 
10 
80 cm apart) until the field had been completely traversed. 
When nests were found, residue and vegetation 5-10 paces south 
of the nests were painted and distances to fencerows or 
waterways were paced off to facilitate relocating nests. 
Data recorded at nest sites included parasitism by 
brown-headed cowbirds (see Table 1 for scientific names), nest 
concealment, distance to the nearest strip cov er , crop residue 
(corn or sod) coverage and height, weed coverage, and 
vegetation height and density. Nest concealment was 
subjectively estimated (excellent, good, fair, and poor) from 
directly above the nest and 1 m away at ground lev el. Residue 
coverage and height were measured in four directions from the 
nest, diagonal to the crop rows, by using a bead-string 
(Sloneker and Moldenhauer 1977) 3 m long with beads every 15 
cm. The occurrence and height of residue were noted at each 
bead. Measurements from the four directions were averaged to 
estimate residue coverage and height for each nest site . 
. In 1982, weed coverage at nest sites was estimated by 
using a 3-m line transect. The transect was placed next to 
the bead-string in each of the four directions, and the 
percentage of the line covered by weeds was recorded. In 1983 
and 1984, the method was changed; weed coverage was estimated 
within SO x SO-cm quadrats (modified from Daubenmire 1959) 
Positioned at the mid point of the bead-strings. Vegetatio n 
density and height were measured with a density board (Nudds 
1977) 15 cm wide and 180 cm tall, graduated at 10-cm 
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graduated at 10- cm intervals . The board was positioned 
immediately in front of the nest and read in each of the four 
directions at a distance of 3 m and a height of 1 m. The 
proportion of each board interval obscured by vegetation was 
recorded as 0-20, 21-40, 41-60, 61-80, or 81 - 100% . To minimize 
nest deserti on, nest site measurements for ring-necked 
pheasants were delayed until nests were no l onger act i v e; all 
other nests were measured when found. 
Strip cover was searched for nests when corresponding 
crop fields were searched . Nest searching and nest- site 
measurements were similar to those used in crop fields, except 
that nest searchers traversed the area closer together and 
more slowly, and residue measurements were not taken . Because 
tree and shrub nest sites were not available in fields , only 
strip-cover nests found in herbaceous vegetation or on the 
ground were considered. 
To compare field and nest-site characteristics, 
vegetation in crop fields was measured twice monthly . 
Stratified random techniques were used to choose 15 sampling 
points near the center and 10 points at the edge of each 
field. Weed coverage, residue coverage and height, and 
Vegetation height and density were recorded. Techniques were 
similar to nest-site measurements, except that the points were 
the sampling foci. Additionally, the bead-string 
and line transect were 15 m long , and the quadrat used 
Used to measure weed cov erage in 1983 and 1984 was placed at 
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the sampling point. The distance to the nearest strip c over 
was determined for each field overall by placing a grid, 
scaled at 10-m interv als, over a drawi ng of the field . We 
measured the distance to the nearest strip cover from each 
grid point and then averaged these values for each field . 
Nests were monitored ev ery 2-3 days until they failed or 
f l edged young. Nest fates were classified as successful ; 
deserted from unknown causes; lost because of parasitism by 
brown-headed cowbirds; destroyed by predators, agricultural 
practices, or weather; and unknown . Successful nests fledged 
at least one .young, excluding cowbirds. Parasitism losses 
resulted from either the nest being deserted shortly after it 
was parasitized or the nest fledging only cowbird young. 
Nests with unknown outcomes were found abandoned late in the 
ne·sting season. Two ring-necked pheasant nests , abandoned 
after the hens were accidentally flushed from the nest, were 
excluded from the nesting outcome analysis . At least two eggs 
had to be present before a pheasant "clutch" was classified as 
a nest; single eggs were considered dumped eggs. The 
meadowlark species nesting in my study fields was determined 
by calls and songs to be the western meadowlark . Breeding 
bird surveys agree with my assessment, showing primarily 
Western meadowlarks inhabit the study region (Wilson 1983). 
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RESULTS AND DISCUSSION 
Fie l d Operations 
Tillage operations varied, but all ti lled fields had a 
minimum coverage (3-20%) (Table 2) of residue on the soil 
surface at planting time and were cultiv ated at least once 
during summer. On tilled fie l ds , spring tillage consisted of 
moldboard plowin9 and/ or disking followed by passes over the 
field with either a cultiv ator or harrow to smooth the soil 
surface. Cultivation, which destroys weeds, consisted of one 
or two passes over the field with a rotary hoe or cultivator, 
3 to 9 weeks after planting. Herbicides also were used during 
the summer to control weeds. 
On no-tillage fields, the ground remained idle throughout 
the fall and spring; residue persisted on the soil surface 
year-round. Sod residue resulted fr6m treating pastures ~r 
hayfields with the herbicide paraquat shortly before planting . 
Special slot planters were used on no-tillage fields to cut 
through plant residue from previous growing seasons, opening a 
furrow for seed placement. Planting compacted the residue, 
reducing its height. Weeds were controlled with herbicides. 
Weather variations among the 3 years affected the timing 
of cropping practices. Planting in 1982 was delayed because 
of rainfall; 3 inches above normal during May 1982 (National 
Oceanic and Atmospheric Administration 1982). In 1982, only 3 
of the 9 cornfields were planted by 26 May, during 1983 and 
1984 all 9 cornfields were planted by this date. The mean 
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Table 2 . Mean ( + SD) characteristics for study fields 
No-tillage No-tillage No-tillage 
corn corn soybeans Tilled 
Year (corn residue) (sod residue) (corn residue) corn 
Residue cover (%) 
1982 77 + 18 87 + 17 87 + 12 15 + 12 
-
- -
1983 61 + 36 83 + 17 81 + 17 4 + 3 
-
- - -
1984 81 + 12 93 + 10 70 + 20 19 + 16 
- -
- -
Overall 73 + 24 88 + 16 79 + 17 13 + 17 
-
- -
Residue height (cm) 
1982 6 + 5 7 + 9 8 + 7 l + 2 
- -
- -
1983 8 + 7 7 + 12 9 + 6 0 + 1 
-
- - -
1984 7 + 4 16 + 23 5 + 4 1 + 5 
-
- - -
Overall 7 + 5 10 + 14 7 + 5 1 + 3 
- - - -
Weed cover (%) 
1982 1 + 3 0 + 1 
-
-
1 + 2 0 + 1 
- -
1983 5 + 12 4 + 12 16 + 23 15 + 23 
-
- -
1984 2 + 13 17 + 23 3 + 10 3 ± 11 
- - -
Overall 3 + 12 7 + 18 6 + 14 6 + 19 
- - -
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planting dates (24 May 1982, 8 May 1983, 13 May 1984) 
reflected this delay. In all years, the mean planting date 
for soybeans was approximately 4 weeks later than the mean 
planting date for corn . Cultivation dates were not affected 
by the late planting in 1982, in all years cultivation 
occurred in late June and early July. 
Field operations commonly used in corn and soybean 
production can radically alter cropland habitat. Moldboard 
plows and disks bury 75-98% of the crop residue with each pass 
over the field (Sloneker and Moldenhauer 1977). The amount of 
residue present on field surfaces at planting depends on the 
number of tillage passes, the types of implements used, and 
the type of crop residue (soybean residue breaks down faster 
than corn residue) . Cultivators and rotary hoes loosen s oil 
between crop rows, sometimes throwing soil into the rows. 
Herbicides, insecticides, and fertilizers are applied during 
planting or as separate field operations . Tillage, 
cultivation, and equipment used to apply pesticides all can 
destroy nests in fields. The combination and timing of these 
farm operations depend on weather conditions, the nature of 
insect and weed problems , crop rotation, access to implements , 
and the farmer's knowledge and familiarity with techniques. 
Nest Densities 
Nest densities varied among treatments and among years , 
but the lowest densities consistently were associated with 
tilled cropland (Table 3). When comparing nest densities on 
Tabl e 3 . Mean densities (±. SD) of nests per 100 ha in four cropping regime s and 
i n stri p cover associated with those f i eld s 
No-tillage No- tillage No- tillage 
corn corn soyb eans 
Year (corn residue ) (sod residue ) (corn residu e ) Til l ed corn Strip cover 
198 2 28 ±. 7 Ba 40 ±. 3 A 47 + 3 A 4 ±. 6 C 166 ±_ 126 ( 12 ) b ( 8) (17) (2 ) (3 5 ) 
1 98 3 4 ±. 4 B 20 + 6 A 5 + 9 B 2 + 4 B 3 01 + 23 0 
( 2 ) (12) (2 ) (1) ( 66 ) 
1984 19 ±_ 12 B 142 + 63 A 9 ±. 8 B 6 + 10 B 7 1 3 + 835 
( 7) ( 57 ) ( 3 ) ( 2 ) ( 9 9 ) 
Al l years 17 ±_ 12 71 ±_ 69 20 ±_ 21 4 ±. 7 400 + 551 
( 21 ) ( 7 7) ( 22 ) ( 5 ) ( 200 ) 
aMeans with in rows followed by different letters are significantl y different 
(P 0 . 05 ), Lest Significant Difference Test (Ray 1982 ) ) . 
b Number of nests . 
f---1 
0\ 
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all no- tillage fields with those on tilled fields, the 
difference was significant only in 1982 (F(l, 9 )=3 0 .49). Sod 
fields had significantly greater nest densities than any other 
crop treatment during all 3 years, except for soybean fields 
in 1982 . Sod residue, not found in the other crop fields, 
evidently provided a vegetative structure attractive to a 
variety of grassland birds. Also , sod fields also may have 
had more nests because birds that nested on these fields the 
year before when they were pastures or hayfields , exhibited 
territory fidelity and returned to breed even though the 
fields had been treated with herbicides and planted to corn. 
The grasshopper sparrow, the most abundant species nesting in 
fields with sod residue, is known to be philopatric (Smith 
1963). 
Nest densities in crop fields were significantly lower in 
1983 than in the other two years (F( 2 , 23 )=10 . 44). The federal 
Payment in Kind (PIK) program, which resulted in 40% of Adair 
County's corn cropland being set aside (Marvin Lundstedt, pers 
commun.), probably was a major cause for this. Under this 
program, areas were not plowed and were protected from 
erosion, usually with corn residue remaining from the previous 
year. PIK fields usually were free from the early crop- field 
disturbances of planting and spraying. Early in the nesting 
season, many of these idled PIK fields appeared similar to 
no-tillage fields; later they resembled fallow weed fields. 
Poorer weather conditions or a crew less skilled at finding 
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nests also may have contributed to lower nest densities in 
1983 . 
Twelve bird species, excluding the cowbird, nested in 
the study fields (484 ha) (Table 4) . All are known to breed 
in agricultural areas (Johnsgard 1979, Dinsmore et al. 1984), 
but some have not been reported to nest in row crops (Table 
1). Of the major nesting species, grasshopper sparrows nested 
exclusively in fields with sod residue and, with the exception 
of one nest in a no-tillage soybean field, so did western 
meadowlarks. Both species prefer to nest in grasslands that 
have fairly low grass cover (Smith 1963, Wiens 1969) ; sod 
residue was the only treatment providing this. Nest densities 
of the other species did not vary significantly among 
treatments.. Ring-necked pheasant nests were not located in 
tilled fields, and mourning dov e nests were found only in 
fields with corn residue. Killdeers and vesper sparrows were 
the most versatile in choosing nest sites; all four treatments 
and strip cover were used. Nests were parasitized by the 
.brown-headed cowbird in all field treatments and strip cover , 
and the incidence of brood parasitism tracted closely nest 
densities in the various habitats. 
Nest initiation dates could be estimated for 96 of the 
125 crop-field nests by backdating with nesting cycle 
information obtained from monitoring and the literature. 
During the first 2 weeks of May, nests were initiated 
Primarily by killdeers, pheasants , and meadowlarks. Nest 
Table 4 . Mean nest densities (± SD ) of individual bird species per 100 ha of 
cropland or strip covera 
-
No-tillage No- tillage No- tillage 
corn corn soybeans Tilled Strip 
(corn residue ) ( sod residue) (corn residue ) corn cover 
Species (125 ) a (117 ) (113 ) (1 29) ( 59 ) 
Ring- necked pheasant 1 ± 2 6 ± 12 2 ± 6 0 ± 0 31 ± 15 
Killdeer 5 ± 6 1 ± 2 2 ± 4 2 ± 3 1 ± 2 
Mourning dove 2 ± 4 0 ± 0 5 ± 8 0 ± 0 4 ± 4 
Brown thrasher 0 ± 0 0 ± 0 0 ± 0 0 ± 0 1 ± 2 
American robin 1 ± 3 0 ± 0 0 ± 0 0 ± 0 2 ± 4 
Common yellowt hroat 0 ± 0 0 ± 0 0 ± 0 0 ± 0 12 ± 21 
Bobolink 0 ± 0 1 ± 3 0 ± 0 0 ± 0 0 ± 0 
Western meadowlark 0 ± 0 12 ± 15 1 ± 4 0 ± 0 1 ± 2 
Red-winged blackbird 1 ± 4 0 ± 0 0 ± 0 1 ± 2 294 ± 248 
Brown-headed cowbirdb 4 ± 4 19 ± 11 4 ± 6 2 ± 2 186 ± 127 
American goldfinc h 0 ± 0 0 ± 0 0 ± 0 0 ± 0 2 ± 4 
Dickcissel 0 ± 0 2 ± 7 0 ± 0 0 ± 0 
Savannah sparrow 0 ± 0 1 ± 2 0 ± 0 0 ± 0 
Grasshopper sparrow 0 ± 0 36 ± 54 0 ± 0 0 ± 0 
Vesper sparrow 8 ± 7 5 ± 13 8 ± 8 2 ± 3 
Field sparrow 0 ± 0 0 ± 0 2 ± 4 0 ± 0 
Song sparrow 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
Unknown sparrow 0 ± 0 7 ± 11 0 ± 0 0 ± 0 
aArea searched in hectares. 
bDensity of nests that contained at least one cowbird eqg or young. 
12 ± 9 
0 ± 0 
1 ± 2 
16 ± 13 
2 ± 3 
4 ± 4 
0 ± 0 
N 
0 
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initiation peaked during the second week in June and continued 
through July. Only mourning doves and vesper sparrows built 
nests in July. The distribution of nesting throughout the 
summer indicates that fields were used for initial as well as 
renesting attempts. 
Yearly variations in nest densities of indiv idual species 
were not s i gnificant, with the exception of vesper sparrows, 
which had greater nest densities in 1982 (F( 2 , 23 )=4.39) , and 
grasshopper sparrows, with greater nest densities in 1984 
(F=3.59). Vesper sparrows may have been able to maintain more 
nests in study fields in 1982 because crop planting was 
delayed until after most fields had been searched once . Other 
species may have benefited from the delayed planting, however , 
their densities were not large enough to produce significant 
differences . The increase in grasshopper sparrow nests in 
1-984 can be attributed to a single field where nest densities 
reached 154 nests per 100 ha. An abundance of cutworm larvae 
(pers . obs . ) , a potential food source, and a previous 
preference for nesting in this field could have created 
greater grasshopper sparrow nest densities for this field. 
Nesting densities in my row-crop fields differed from 
those reported by others. Warnock and Joselyn (1964) 
discovered 25 ring-necked pheasant nests per 100 ha of t i lled 
soybeans, a much greater nest density than that in my 
no-tillage soybean fields. Differences in local pheasant 
abundance and availability of nesting sites other than in row 
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crops may account for the disparity in nesting densities. 
Wooley et al. (1982) found 6 vesper sparrow, 2 mourning dove, 
and 8 dickcissel nests per 100 ha of tilled soybeans. These 
nest densities are lower than mine for vesper sparrows and 
mourning doves in soybean fields but higher for dickcissels. 
Their soybeans were planted in narrow rows (51 cm apart), and 
the crop canopy closed over much earlier than in the wide-row 
soybean plantings in this study. Early canopy closure in 
narrow-row fields may discourage ground nesters such as vesper 
sparrows and mourning doves. Alternatively, the residue in 
my no-tillage fields may have been more attractive to these 
species . Dickcissels, which nest in forbs and not on the 
ground (Zimmerman 1982), may have found the early development 
of a forb-like cover advantageous, thus increasing their 
densities in narrow-row soybeans . 
Fourteen .species, excluding the cowbird, nested in 
herbaceous vegetation in the strip cover; four of these were 
found only in strip cover: brown thrasher (Toxostoma rufum) , 
common yellowthroat (Geothlypis trichas) , American goldfinch 
(Carduelis tristis) , and song sparrow (Melospiza melodia) . 
(Strip-cover nest densities associated with the various 
treatments were combined into a single treatment because they 
did not differ significantly (F 3123 = 0.93). Nest densities 
were approximately 10 times greater in strip cover than in 
no-tillage crop fields, largely because of red-winged 
blackbird and ring-necked pheasant nests. Red-winged 
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blackbird densities in strip cover doubled each year of the 
study, attributable to the inadvertent inclusion of more 
blackbird colonies each subsequent year . Incidence of cowbird 
parasitism in strip cover paralleled the increase in blackbird 
nest densities. 
Nest-site Selection 
Vegetation structure is important in nest-site selection 
(e . g ., Wiens 1969, Caccamise 1977, Wray and Whitmore 1979, 
Zimmerman 1984),and in this study, residue and weed coverage, 
and residue and vegetation height differed significantly at 
nest sites in the 4 treatments (Table 5). Coverage of 
nest-site residue was least in tilled fields, whereas residue 
height was lowest at nests in cornfields with corn residue . 
Residue was sometimes used to construct nest linings, to form 
a canopy over nests, and to conceal nests. Nest-site weed 
coverage was greatest in no-tillage fields with sod residue; 
this resulted when vegetation not initially killed by paraquat 
resprouted. Weed coverage in all treatments was quite sparse, 
and weed patches usually were not used as nesting sites, 
although occasionally nests were built at the base of a single 
weed stalk. Vegetation height at nest sites was greatest in 
fields with sod residue. Vegetation included both crops and 
Weeds, thus increased weed coverage at nest sites in sod 
fields could be responsible for this relationship. Vegetation 
density at nest sites and the distance from nests to the 
nearest strip cover did not differ significantly among 
Table 5 . Mean ( ± SD) characteristics of nest sites and differences between field 
and nest-site measurementsa 
No-tillage corn No- tillage corn No- tillage soybeans 
(corn residue) (sod residue) (corn residue) Tilled corn 
(21)b (52) (19) ( 4) 
Residue cover ( %) 
Nest 74 ± 14 B c 90 ± 14 A 82 ± 15 B 31 ± 12 C 
Difference 7 ± 15 1 ± 14 2 ± 12 -9 ± 5*d 
Residue height (cm) 
Nest 2 ± 1 B 4 ± 6 A 2 ± 1 A 3 ± 5 A 
Difference 3 ± 4 * 12 ± 14 * 6 ± 2 * -1 ± 5 
Weed cover ( % ) 
Nest 2 ± 8 B 10 ± 12 A 1 ± 1 B 0 ± 1 AB 
Difference - 2 ± 8 8 ± 20 * 6 ± 15 2 ± 2 
Vegetation height (cm) 
Nest 22 ± 45 B 45 ± 46 A 13 ± 25 B 5 ± 6 B 
Difference -8 ± 2 -20 ± 4 * 3 ± 3 5 ± 0 
Nest 
Difference 
10 ± 16 
-4 ± 9 
Vegetation density 
10 ± 18 8 ± 10 
-6 ± 15 * -2 ± 13 
Distance to nearest strip cover (m) 
1 ± 1 
1 ± 1 
Nest 
Difference 
37 ± 30 
12 ± 33 
49 ± 35 44 ± 34 80 ± 48 
-6 ± 33 -7 ± 32 0 ± 42 
aDifferences are averages computed by subtracting field measurements at the 
time each nest was initiated from nest-site measurements. 
bNumber of nests whose initiation dates could be estimated. 
cMeans within rows followed by a different letter are significantly diffe rent 
( P < 0 . 0 5 , I.east Significant Dif ferenoe Test) • 
dPaired Student's t-tests comparing nest sites with the field in genera l; 
* P < 0.05 . 
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treatments. 
Field measurements taken closest to the date and in the 
field on which each crop-field nest was initiated were 
compared with the nest-site measurements_ by using paired 
Student's t-tests (Table 5). Birds selected nest sites in 
no-tillage fields with residue that was shorter but of similar 
coverage to that distributed throughout the no-tillage fields 
in general (Table 5). Residue height at nest sites in 
no-tillage fields was similar to that found throughout tilled 
fields. Greater useage of no-tillage fields for nesting 
evidently was because of residue cov erage and not residue 
height. Greater residue c overage possibly provides better 
nest concealment, whereas shorter residue may afford 
incubating parents a better opportunity to v iew predators. 
Nests in tilled fields were placed in sites with 
significantly greater. residue coverage and similar residue 
height to that for the fields overall. Residue height in 
tilled fields was much lower than that in no-tillage fields. 
Thus, patches where residue was concentrated were used as nest 
sites, regardless of residue height. 
Weed cover, vegetation height , and vegetation density at 
nest sites in no-tillage fields with corn residue were similar 
to the fields in general (Table 5) . Nests in sod fields were 
Placed in areas with fewer weeds but with taller and denser 
vegetation than that found throughout the field . Birds 
nesting in sod f i elds evidently prefer the protection affo rded 
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by taller, denser vegetation, but it seems paradoxical that 
they would avoid areas with greater weed coverage. I have no 
explanation for the latter. Weeds and vegetation at tilled 
nest sites were similar to those in the fields overall. 
Collectively, nests in all treatments were located no closer 
to strip cover than if they had been placed at random in the 
fields, but individual species did position their nests at 
different distances (see below). 
Residue coverage and vegetation height at nest sites, and 
distance from nests to the nearest strip cover differed 
significantly among species (F(l 2 , 112 )=8.18, 2.42, 3.22, 
respectivel~. Residue coverage at ring-necked pheasant, 
western meadowlark, and grasshopper sparrow nests was similar 
(average 94%) but significantly greater than that at nests of 
the other major species. Pheasants, meadowlarks, and 
grasshopper sparrows are grassland species known to nest in 
pastures, hayfields, and grassy strip cover (Smith 1963, Wiens 
1969, Baxter and Wolfe 1973) . Residue coverage at mourning 
dove, vesper sparrow, and killdeer nest sites differed 
significantly (82%, 69%, and 59%, respectively). Vesper 
sparrows and killdeers prefer more open habitats with less 
ground cover (Bunni 1959, Wray and Whitmore 1979, Rodenhouse 
and Best 1983). Vesper sparrows chose nest sites with less 
residue than in sod fields but more residue than in tilled 
fields suggesting an upper and lower limit -to preferred 
residue coverage. Bare ground may be important in killdeer 
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breeding territories during courtship because in such areas 
ceremonial nest bowls can be scraped out (Bunni 1959, Phillips 
1972). 
Vegetation height at nest sites was greatest for 
grasshopper sparrows, pheasants, and meadowlarks; the species 
that nested primarily in sod-residue fields . Killdeers chose 
nest sites with significantly lower vegetation than the other 
major species. Perhaps areas with low herbaceous cover 
facilitate viewing their aerial courtship displays (Phillips 
1972). Grasshopper sparrows and killdeers placed their nests 
at similar distances from strip cover (average 63 m), but 
significantly farther than those of mourning doves, 
meadowlarks, and pheasants (average 30 m) . Vesper sparrow 
nests were at intermediate distances (46 m). Vesper sparrows 
have been reported to associate the1r breeding territories 
primarily with fencerows and only occasionally with the middle 
of tilled crop fields (Rodenhouse and Best 1983). Mourning 
doves nest primarily in trees (Harris et al. 1963) and 
pheasants nested mainly in strip cover, thus these two species 
may have located their crop field nests nearer strip cover so 
that their breeding territories would include more preferred 
breeding habitat. 
Nest Outcomes 
The majority of nests in the study fields were either 
successful (22%) or destroyed by predators (54%) (Table 6). 
Differences in nesting success between no-tillage and tilled 
Table 6 . Nesting outcomes in crop fields and strip cover associated with those fields 
during 1982-1984 
No-tillage 
corn 
(corn residue ) 
Successful fledging 10a 
Predation 8 
Desertion 2 
Weather 0 
Farming implements 0 
Cowbird parasitismb 1 
OnknownC 0 
Total 21 
aNumber of nests. 
No-tillage 
corn 
(sod residue ) 
10 
52 
0 
1 
4 
0 
10 
77 
No- tillage 
soybeans 
(corn residue ) 
6 
6 
1 
0 
3 
1 
5 
22 
Til led 
corn 
2 
1 
1 
0 
0 
0 
1 
5 
bNests deserted a fter being parasitized or nests fledging only brown- headed 
cowbird young. 
c Nests were inactive when locate d; possible fates were successful fledging , 
predation , desertion, or cowbird paras itism . 
Strip 
Cover 
33 
90 
20 
11 
2 
10 
33 
200 
I\J 
\D 
30 
fields could n o t be assessed accurately because of the low 
nest density in tilled fields. Among the no- tillage 
treatments nesting success was consistently (i.e., all 3 
years) highest in cornfields with corn residue (48%) and 
always lowest in cornfields with sod residue (13%) . 
Specific causes of predation could not be ascertained 
because of the lack of sign left at nest sites , but skunks 
(Spilogale putorius and Mephitis rnephitis) , raccoons (Procyon 
lotor), thirteen- lined ground squirrels (Citellus 
tridecemlineatus), and American crows (Corvus brachyrhynchos) 
were among the potential predators known to frequent the study 
fields. The greatest nest loss to predators (68%) occurred in 
fields with sod residue. Corn fields with sod residue may 
have retained relatively higher predator population levels 
associated with unplanted grasslands. Thirteen-lined ground 
squirrels, a potential predator, were trapped on the corn 
fields investigated in this study. Ground squirrels were 
captured more frequently on fields with sod residue (Young 
1984). It would be informative to document several years 
of nesting success in no-tillage crop fields initially 
planted in sod residue to see if the high predation rates 
eventu ally declined. 
Nests were destroyed by farming activities in no-tillage 
fields when they were planted (4 nests) or when fences were 
repaired (3 nests) . Nests in tilled fields escaped 
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destruction by farming implements either by having already 
fledged nestlings before cultivation or by having been built 
after cultivation. It is doubtful that nests present during 
cultivation would have survived. Lack of nest destruction by 
farming implements on tilled fields probably was an atypical 
situation because fields were cultivated (late June through 
early July) just after the peak period of nest initiation. 
Farming implements have been reported to be a primary cause of 
nest loss in tilled cornfields and soybean fields (Rodenhouse 
and Best 1983). 
Brown-headed cowbirds parasitized 6 of the 12 species 
nesting in the fields: bobolink, western meadowlark, 
red-winged blackbird, dickcissel, grasshopper sparrow , and 
vesper sparrow. Although savannah and field sparrows also are 
known to be cowbird hosts (Friedmann et al. 1977), their nests 
in my study fields were not parasitized. The other four 
species nesting in the fields are not cowbird hosts. Cowbirds 
breed from late April through early July (Payne 1973) , thus 
nests initiated after this period are not susceptible to 
parasitism. Of the potential host nests (nests built by 
species known to be parasitized during the period when 
cowbirds breed), 44% were parasitized . Multiple parasitism of 
field nests was common, with as many as 5 (mean=2.2) cowbird 
eggs deposited per nest. 
Nesting success was significantly rel ated to residue 
coverage, but unrelated to any of the other measurements taken 
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at nest sites {residue and weed coverage, vegetation height 
and density, distance to strip cov er, and concealment). 
Residue cover was sparser around successful nests than nests 
destroyed by predators {t=l . 99 df=l24). The large number of 
grasshopper sparrow nests, destroyed by predators (31 of 42) 
possibly biased the results because these nests were in sod 
residue which was denser than residue in other treatments. 
When these nests were eliminated from analysis, residue cov er 
was not significantly different between successful and 
predator destroyed nests (t=l.42 df=82). 
Of the major species nesting in the fields, killdeers 
were the most successful {90%). Only one nest was destroyed 
by farming equipment; none were lost to predators . The 
nesting successes of ring-necked pheasants , mourning doves, 
western meadowlarks, and vesper sparrows in the fields were 
similar {22%, 22%, 23%, and 21% success , respectiv ely) . 
Grasshopper sparrows were the least successful species in this 
study {10% success) , primarily because of high losses to 
predators . With the exception of the killdeer, nesting 
successes of the major cropland species were all below 
previous reports (Downing 1959, Warnock and Joselyn 1964 , 
Roseberry and Klimstra 1970, Wray et al . 1982 , Rodenhouse and 
Best 1983) . Nesting success in study fields was limited 
Primarily by high predation rates , and secondarily b y 
desertion and destruction by farming implements. Success rates 
Probably were be l ow levels necessary to maintain v iable 
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populations without influx from areas with higher nesting 
success (see also, Rodenhouse and Best 1983). 
The majority of nests in the strip cover also were either 
successful (17%) or destroyed by predators (45%). Predators 
have been reported to use strip cover as travel lanes causing 
greater nest predation in strip cover than adjacent fields 
(Davison 1941, Gates and Hale 1975). In this study, however, 
losses from predation were higher for field nests than 
strip-cover nests in two of the three years. Of the two major 
species using both crop fields and strip cover, vesper 
sparrows nests were more successful in crop fields (21% 
success in fields vs. 13% in strip cover) whereas ring-necked 
pheasant nests were more successful in strip cover (22% in 
fields vs. 47% in strip cover). Most vesper sparrow nest 
losses in strip cover resulted from predation; for pheasants, 
both predation and desertion were important. Red-winged 
blackbirds (the primary species nesting in strip cover) had 
13% nest success in strip cover, a low success level 
similar to that of grasshopper sparrows in fields. Redwing 
nesting success, however, was limited not only by predation 
but also by losses from weather, cowbird parasitism, and 
desertion. Red-winged blackbird nesting success in this study 
was lower than that reported for other upland habitats 
(Robertson 1972). 
Conclusion 
No-tillage fields are used by more avian species and at 
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greater nesting densities than tilled fields . Residue 
probably is a major factor attracting birds to no-tillage, and 
nest destruction by farming implements is infrequent, contrary 
to previous reports in tilled fields (Rodenhouse and Best 
1983). But the opportunity for increased avian production on 
no-tillage fields may be diminished because nest losses to 
predators were high , at least on my study fields . Nesting 
success for the major species using crop fields was comparable 
to that of strip cover, a habitat known for high predation 
losses (Davison 1941, Gates and Hale 1975). Except for the 
killdeer, production on no-tillage fields probably was below 
levels needed to maintain populations of the major species 
without influx from other areas . 
Although my study focused on no-til lage, a form of 
conservation tillage that leaves the greatest proportion of 
crop residue on the soil surface (Sloneker and Moldenhauer 
1977), less residue also may offer many nesting sites. Birds, 
such as the killdeer and vesper sparrow, which nested in all 
three no-tillage treatments and in tilled fields , should be 
able to nest successfully in areas with intermediate forms of 
conservation tillage. Species nesting primarily in grass 
cover (i.e., ring-necked pheasant, grasshopper sparrow, and 
meadowlark) probably will restrict nesting to no-tillage 
fields with maximum amounts of residue, especially sod 
:residue. As the amount of crop residue remaining on the 
surface decreases, the variety and density of nesting birds 
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will diminish . 
Ring-necked pheasants,· the only game species breeding in 
my study fields, nested in strip cover twice as successfully 
and in densities 14 times greater than in crop fields. Thus, 
strip cover was the primary nesting habitat for pheasants . 
The advantages of no- tillage crop fields over tilled cropland, 
however , should not be overlooked; some pheasant nests were 
successful in no-tillage fields, whereas none were found in 
tilled fields. Nesting studies in other regions of the 
Midwest may help indicate how broadly my predictions apply. 
Although the corn-soybean rotation common to this study 
is typical throughout much of the Midwest, the amount of strip 
cover adjacent to fields varies even within Iowa. For 
example, north-central Iowa's topography and soil conditions 
allow for much more intensive row-crop production at the 
expense of strip cover . Birds in such areas are more 
dependent on cropland for nesting habitat, thus increasing the 
potential use of no- tillage fields. 
The impact of reduced tillage methods on avian species 
that reproduce in cropland will increase as more farmers adopt 
these cropping regimes . Other forms of no- tillage and 
conservation tillage , besides those associated with corn and 
soybeans, also are known to provide nesting habitat for birds. 
For example , ducks, upland birds , and shorebirds nest in 
standing small grain and small grain stubble (Higgins 1975, 
Higgins 1977, Cowan 1982 , Rodgers 1983) . But nesting in 
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several cropping regimes has not been studied: corn or 
soybeans planted in no-tillage soybean residue; conservation 
tillage of corn and soybean with intermediate levels of 
residue; and intercropping row crops with small grains, 
grasses, and legumes. Also, more research is needed in other 
regions of the Midwest before we can fully elucidate avian 
nesting ecology in agricultural cropland. 
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SECTION II: ARTHROPOD AVAILABILITY TO 
RING-NECKED PHEASANT BROODS 
IN NO-TILLAGE FIELDS 
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INTRODUCTION 
A recent change in farming methods in the Midwest, 
conservation tillage, leaves more crop residue on field 
surfaces at planting time. This may impact on ring-necked 
pheasant (Phasianus colchicus) populations. In addition to 
conserving soil, crop residues may harbor large numbers of 
arthropods (Gregory and Musick 1976, House and Stinner 1983), 
which could be an important food source for pheasants, 
especially broods. Adult pheasants consume mostly plant 
material, primarily waste grain (e.g . , Fried 1940, Korschgen 
1964), but chicks eat almost entirely animal matter during the 
first few weeks of life (Dalke 1935, Ferrel et al. 1949, 
Loughrey and Stinson 1955, Hill 1976, Whitmore 1982). 
Relatively little has been published on pheasant chick food 
habits, and literature on pheasants feeding in no-tillage 
systems is nonexistent. 
Pastures and hay fields provide an abundance of insects 
and are prime feeding areas for broods (Hill 1976) . These 
habitats have decreased at an alarming rate, however, 
concomitant with intensification of row-crop production. In 
Iowa, land in row crops increased 29% from 1972 through 1980, 
primarily replacing pastures, cover crops, and wetlands 
(Miller 1980). Similar land-use changes have occurred in 
other states (e.g., Vance 1976, Taylor et al. 1978). If 
insect levels are significantly greater in fields with more 
crop residue, such fields could offer pheasant broods 
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alternative feeding areas. 
No- tillage planting (sometimes called slot planting) is a 
conservation tillage method that involves placing seeds 
through the untilled residue remaining from previous crops . 
Residue coverage may be as much as 79% on no-tillage fields, 
compared with less than 6% for tilled fields (Sloneker and 
Moldenhauer 1977). In 1983, 168,000 ha of Iowa's cropland 
were farmed under no- tillage systems . This represents a 
fivefold increase in no- tillage cropland since 1978 (Soil 
Conservation Service, Des Moines, IA, unpubl. data). 
Published information on the effects of residue and 
tillage on arthropod communities is limited. Previous work 
typically has dealt with individual pest species during 
periods when crops were most susceptible (Gregory and Musick 
1976); attempts to quantify entire insect communities are 
rare. Results from such species- specific studies, although 
valuable for insect pest management, provide little data on 
arthropod availability to pheasant broods . 
This study was designed (1) to document arthropod 
availability on no-tillage and tilled crop fields during a 
portion of the pheasant brood-rearing period and (2) to 
compare the results with published data on food preferences 
of pheasant chicks. 
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METHODS 
Study fields were on private land in Adair County, 
southwestern Iowa . Approximately 73% of the county is 
cropland (mainly corn and soybeans) (Sherwood 1980), 3% ( >3000 
ha) of which was farmed with no-tillage methods (Marvin 
Lundstedt, U. S. Soil Conser. Serv., Greenfield, Iowa, pers. 
commun. ). Study fields were located throughout the county on 
gentle to moderately steep slopes (2-14%) with silty clay loam 
soils (Sherwood 1980). 
Three no-tillage treatments were studied in 1982 and 
1983: corn planted in corn residue, corn planted in sod 
residue, and soybeans planted in corn residue. A fourth 
treatment, used for comparison, was corn planted in tilled 
fields. No-tillage corn residue consisted of unchopped stalks 
remaining from previous crops; sod residue resulted from 
treating pastures or hayfields with herbicides shortly before 
planting. Tilled fields were plowed and/ or disked in spring 
and, consequently, had minimal surface residue at planting. 
Tilled fields also were cultivated 3 to 8 weeks after 
planting. Three replicate fields per treatment were selected 
each year, except in 1982, when only two fields of corn 
planted in sod were analyzed because of crop failure on the 
third. Each field was at least 10 ha, as square as possible, 
and had few waterways or terraces . 
Arthropods were sampled from mid-June through early July, 
an interval included within the main brood rearing period for 
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ring-necked pheasants in Iowa (Klonglan 1962). Five randomly 
located sampling stations per field, each consisting of a 
pitfall and a sticky trap, were set up within crop rows. 
Pitfall traps consisted of a funnel, 15 cm in diameter and 
placed level with the soil surface, and a jar, filled with 70% 
ethanol and positioned beneath the funnel . Traps were 
canopied with a 30 X 30-cm lid, supported 4 cm abov e the 
ground to decrease accessibility to insectivores and reduce 
evaporation of alcohol . Sticky traps were constructed of 14 x 
23-cm flypaper strips (Zoecon Corp., Palo Alto , Calif. ) p l aced 
30 cm above the ground. Vegetation in the immediate v ic i nity 
of sticky traps was removed to prev ent it from adhering to the 
traps. All traps were changed every 3 days or shortly after 
rainfall. Samples were frozen until specimens could be sorted 
and identified. 
Although arthropod weights or volumes more accurate l y 
represent the relative value of food items in the diet, 
permanent adhesion of insects to the sticky traps made it 
necessary to report these results as frequencies . For 
consistency, pitfall trap data also are reported as 
frequencies. Sweep nets and baited pitfall traps hav e been 
recommended for capturing orthopterans (grasshoppers and 
crickets) (Oldroyd 1970); thus, this taxon was possi bly 
underrepresented in my samples. 
Data from sampling stations within each field were 
averaged and then the fields were used as replicates . 
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Differences among treatments were determined by two- way 
analysis of variance (treatment by year). Statistical 
significance was set at P < 0. 05. 
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RESULTS AND DISCUSSION 
Most arthropods collected on both no-tillage and tilled 
fields were insects (Tables 1 and 2); coleopterans (beetles), 
dipterans (flies), and homopterans (leafhoppers and aphids) 
were the most abundant insect orders. Numerous Acari (ticks 
and mites) and Collembola (springtails) were collected, but 
because these small arthropods are unimportant in brood diets 
(Hill 1976), they were excluded from the results. Also, 
Tables 1 and 2 do not include data for diplopods (millipedes), 
thysanopterans (thrips), and hemipterans (bugs) because these 
taxa constituted less than 1% of the total sample for each of 
the four treatments studied. 
Samples from the four treatments were very similar. The 
mean number of arthropods captured per field did not differ 
significantly among the four treatments, based on an analysis 
of variance comparison of either sticky (F (J,lS)=2.13) or 
pitfall (F(J,lS)=0.86) trap data. Also, the same orders and 
families were represented in each of the four treatments 
studied (Tables 1 and 2). Analysis of covariance revealed 
that arthropod abundance was not significantly related to the 
percent coverage of crop residue (Basore, Dept. Animal 
Ecology, Ames, Iowa, unpubl. data). The seemingly smaller 
numbers of soil arthropods captured in pitfall traps. on sod 
residue fields may reflect the effect of paraquat , a herbicide 
used to kill grasses and forbs before crop planting, on 
resident arthropod populations. 
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Table 1. Mean numbers of arthropods captured per field in 
sticky traps from mid-June through early July. 
No-till No-till No-till 
corn corn soybeans Tilled 
Taxaa ( corn)b (sod) (corn) corn 
Isopoda 75c AB 86 AB 19 B 116 
Insecta 
Homoptera 788d A 690 A 399 B 988 
Cicadellidae 787 A 690 A 399 B 988 
Coleoptera 113 AB 73 B 95 B 198 
Coccinellidae 74 AB so B 28 B 141 
Chrysomelidae 13 9 10 35 
Lepidoptera 37 A 41 A 93 B 31 
Diptera 1421 1565 1424 1457 
Hymenoptera 24 29 13 102 
Non-Formicidae 24 28 12 102 
Totale 2467 AB 2511 AB 2067 A 2906 
a.)nly taxa constituting 1% or more of the overall 
totai for at least one of the treatments are shown . 
°rype of residue. 
A 
A 
A 
A 
A 
A 
B 
'Means within a row followed by different letters are 
significantly different (P < 0 . OS, Least Significant Difference) 
Other means without letters are not significantly different. 
dc1ass and order totals include all members of the class 
or order captured . 
ei-otals represent the mean number of all arthropods 
captured per field, excluding Collembola and Acari. 
so 
Table 2. Mean numbers of arthropods captured per field in 
pitfall traps from mid-June through early Julya 
No-till No-till No-till 
corn corn soybeans Tilled 
Taxa (corn) (sod) (corn) corn 
Isopoda 4 2 18 6 
Chilopoda 9 1 30 41 
Arachnida 50 B 37 B 132 A 53 B 
Araneida 40 B 35 B 120 A 42 B 
Insect.a 
0rthoptera 57 8 78 157 
Homoptera 8 19 33 15 
Cicadellidae 7 16 13 14 
Aphididae 1 3 20 1 
Coleoptera 681 227 664 1086 
Carabidae 212 36 143 811 
Nitidulidae 205 AB 137 B 276 A 103 B 
Coccinellidae 15 7 2 2 
Staphylinidae 74 20 139 111 
Diptera 166 B 134 B 177 B 360 A 
Hymenoptera 246 547 566 240 
Formicidae 236 532 534 229 
Total 1229 984 1708 1963 
asee footnotes of Table 1. 
51 
Differences between treatments within each arthropod 
taxon were assessed by Least Significance Difference tests 
Ray 1982) (Tables 1 and 2). With two exceptions, Diptera and 
Coccinellidae (ladybird beetles), the abundance of each taxon 
was not significantly different among the three types of 
cornfields studied. Diptera from pitfall traps were 
significantly greater on tilled cornfields than on either 
no-tillage corn treatment. Coccinellidae captured on sticky 
traps were greater on tilled cornfields than on no-tillage 
cornfields with sod residue. Most differences in insect 
abundance were between soybean fields and cornfields. 
Abundances of seven taxa were significantly different between 
no-tillage soybean fields and tilled cornfields, and three 
taxa differed between no-tillage soybean fields and no-ti llage 
cornfields. Insecticides were not used in soybean fields, 
although they usually were applied to cornfields. Thus, -most 
differences that we documented between treatments evidently 
were associated with the type of crop grown . (soybeans vs. 
corn) and whether or not insecticides were applied, rather 
than the tillage practice (no-tillage vs. tilled) and the 
amount or type of residue (corn vs . sod). 
My results contrast with those of previous studies 
(Blumberg and Crossley 1983, House and Stinner 1983) that have 
reported greater abundance and diversity of arthropods on 
no tillage fields than on tilled fields. In their review of 
Previous entomological studies, Gregory and Musick (1976) 
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found reports of population increases for several pest species 
in no- tillage fields. Pest species depositing eggs and 
overwintering in crop residue were credited as the major 
causes for pest problems. Differences in arthropod abundance 
between no-tillage and tilled fields were most evident in 
other studies after the period when I sampled insects 
(Blumberg and Crossley 1983 , House and Stinner 1983) . . Thus, 
although populations of pest insects and total arthropod 
numbers may be greater in no-tillage fields, such differences 
may not be evident during the portion of the pheasant 
brood-~earing period that I sampled. 
The importance of arthropods to pheasant broods is 
evident from the literature . Ferrel et al. (1949) determined 
that coleopterans, primarily Carabidae (ground beetles) and 
Curculionidae (snout beetles) , were piominent in the chicks' 
diets during the first few weeks after hatch and that larger 
insects, mainly orthopterans, become important later. Dalke 
(1935) and Loughrey and Stinson (1955) collected chicks 1- 13 
weeks old and showed that orthopterans also were the most 
important food items for their older chicks. Dalke's (1935) 
chicks consumed a variety of insect orders during the first 3 
months of life, whereas Loughrey and Stinson's (1955) chicks 
ate primarily ephemeropterans (mayflies), a taxon that was 
abundant in their study area. In the three studies mentioned, 
chicks had diets similar to those of adults by 13 weeks of 
age. Whitmore (1982) fed pheasant chicks a diet of arthropods 
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collected from oat, clover, and bluegrass fields (prime 
feeding areas for pheasant broods) and found that Hemiptera, 
Diptera, and Orthoptera were consumed in proportion to their 
abundance in the samples presented to the chicks. Hill (1976) 
placed pheasant chicks in old-field, clover, or brome-grass 
fields and determined insect availability in the fields and 
consumption by the chicks . Cicadellidae (leafhoppers) were 
the most abundant insects and were consumed in greatest 
quantities . Chicks have been reported to consume all insect 
orders shown in Tables 1 and 2, plus the orders Hemiptera, 
Neuroptera (lacewings), Ephemeroptera, Trichoptera 
(caddisflies), and Odonata (dragonflies) (Dalke 1935 , Ferrel 
et al. 1949 , Loughrey and Stinson 1955, Hill 1976 , Whitmore 
1982). These studies indicate that pheasant chicks eat a 
variety of insects and forage somewhat opportunistically. 
The insect orders typically eaten by pheasant chicks were 
well-represented in these corn and soybean study fields; 
coleopterans and dipterans were the major orders trapped on 
the fields . The important food family Cicadellidae (Hill 
1976) constituted 29% of the insects captured by sticky traps. 
Orthopterans, also an important chick food , were not 
well-represented in this sample of study fields. 
In my ·study, the relative abundance and composition of 
arthropod communities were similar between no-tillage and 
tilled fields during the brood-rearing period. Further study 
is needed to determine if the patterns that I report apply 
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broadly. Experiments designed to document food habits of 
broods in no-tillage and tilled fields also should be 
considered. 
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SUMMARY 
No-tillage fields are used by more avi an species and at 
greater nesting densities than ti l led fields . Twelve species 
with an average nesting density of 36 nests/ 100 ha nested in 
no-tillage fields, whereas only 3 species with an average 
density of 4 nests/ 100 ha nested in tilled fields. Of the 
major species, ring-neck ed pheasants, killdeers, and vesper 
sparrows nested in all 3 no-tillage treatments; mourning dov es 
nested in fields with corn residue; western meadowlarks nested 
in fields with corn planted into sod residue and soybeans 
planted into corn residue; and grasshopper sparrows nested in 
fields with sod residue. Tilled fields contained killdeer, 
red-winged blackbird, and vesper sparrow nests. Nests in 
no-ti l lage fields were placed in crop residue that was shorter 
but of similar coverage to that found distributed throughout 
no-tillage fields. Nests in tilled fields were positioned in 
areas where crop residue was concentrated but of similar 
height to that found in the tilled fields . Twenty-two percent 
of the crop field nests were successful; 54% were destroyed 
by predators. 
A comparison of the arthropods I collected with pheasant 
chick food habits reported in the literature indicated that 
insect orders typically eaten by pheasant chicks were 
well-represented in the corn and soybean fields . The relativ e 
abundance and composition of arthropod communities were 
similar between no-tillage and tilled fields during the 
59 
ring-necked . pheasant brood-rearing period. Most differences 
in insect abundance occurred between corn and soybean fields 
rather than no-tillage and tilled treatments. 
As fuel, labor, and equipment costs rise in the future, 
an even larger proportion of farmers will adopt cropping 
practices that require fewer passes over the field. Further 
research is needed to determine : the effects of herbicides 
and insecticides on avian reproduction in reduced tillage 
croplands, the long-term nesting success of species utilizing 
croplands, the food habits of pheasant broods using no-tillage 
and tilled fields, the dependence of pheasant chicks on 
cropland arthropods in areas where alternate food sources 
provided by strip cover are limited, and the impact that 
tillage and cropping treatments not included in this study 
may have on nesting birds. 
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